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Forty multiparous Holstein cows in early lactation (66 ± 19 days) were as-
signed to one of four treatments that consisted in different ratios of total 
mixed rations (TMR) and pasture at 100% TMR (T0), 75:25 (T1) 50:50 (T2) 
and 25:75 (T3) over 9 weeks in autumn-winter. Measures of rumen parame-
ters and digestion were performed on 4 additional Holstein cows in late lacta-
tion (287 days postpartum) fitted with permanent ruminal fistulae and pro-
ducing 22.6 (±5.4) kg milk in a 4 × 4 Latin Square design. In T1 to T3 cows 
were taken to the grazing plot once they finished the pre-planned TMR intake 
and pasture was offered at 2 times the expected forage DM intake. Milk was 
analyzed for chemical composition, milk fatty acid (FA) profile and antioxi-
dant compounds. The cows were individually weighed and body condition 
score (BCS) was determined. After the morning milking, blood samples were 
taken every 2 weeks and plasma was analyzed for glucose, urea, non-esterified 
fatty acids (NEFA), insulin, growth hormone (GH) and insulin-like growth 
factor (IGF-I). Herbage mass in pre grazing strips of pasture averaged 2540 ± 
343 kg DM/ha. As TMR intake increased, production variables increased li-
nearly excepting milk fat (3.88 g/100g) and milk protein (3.43 g/100g) con-
tents that were not affected. Milk yield (kg/cow/d) resulted maximal in T0 
(34.2) and linearly decreased (p < 0.01) with pasture intake averaging 32.1 
(T1), 28.4 (T2) and 26.8 (T3) as a higher energy intake and a lower energy 
cost associated with grazing activity. Milk fat output (kg/cow/d) resulted 
higher in T0 (1.35) and T1 (1.25) compared to T2 (1.10) and T3 (1.04). Milk 
protein yield (kg/cow/d) was also higher in T0 (1.18) and T1 (1.11) compared 
to T2 (0.96) and T3 (0.92). Total DM (24.09 kg/cow/d) and energy (41.95 
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Mcal NEL/cow/d)) intakes resulted maximal in T0 decreasing as pasture re-
placed TMR without effects on conversion efficiency (1.48 kg milk/kg DM). 
Plasma concentration of glucose, insulin and IGF-I were not affected but GH 
and NEFA increased as pasture replaced TMR in T3. Ruminal pH (5.91) and 
total or VFA proportions did not differ but NH3-N concentration resulted 
higher in treatments with higher proportion of pasture. Kinetic parameters of 
DM and NDF digestion from pasture or corn silage were not affected. Milk 
FA profile and milk antioxidant quality showed unfavorably changes as TMR 
increased by a decrease in rumenic and linolenic acids and content of anti-
oxidant vitamins, without effect on the atherogenicity index. Results suggested 
a depressing effect of the pasture on total DM and energy intake probably ex-
plained by qualitative deficiencies chemical composition of the forage and/or 
factors that affect animal behavior that may induce losses in body condition of 
high yielding dairy cows. 
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1. Introduction 
Milk production systems in Argentina are moving towards more intensified 
farms to release land for the cultivation of soy (Glycine max) which is consi-
dered a more profitable activity than milk production [1]. Accordingly, pasture 
based systems are being gradually replaced by confined systems in which dairy 
cows are fed the total mixed rations (TMR) which would allow the expression of 
the milk production potential of high yielding dairy cows [2]. In the TMR sys-
tems feeding costs are higher than in pasture representing more than 50% of the 
total costs [3]. Besides their lower production costs, pasture-based systems are 
characterized by a low environmental impact [4] compared to confined systems 
but present nutritional limitations that hinder the expression of the production 
potential of high yielding dairy cows [5]. 
A feeding alternative is the combination of TMR and grazing which is known 
as a partially mixed ration (PMR) since pasture is directly grazed by the cows 
and hence not physically included in the TMR. It combines partial advantages of 
each system and pasture would not only reduce the amount of TMR included in 
the total diet and feeding cost but may also improve the dairy herd health [6]. 
Most of the published studies compared TMR systems vs some combination 
of pastures plus concentrate or pasture plus TMR. Such comparisons included 
TMR vs pasture [5] [7], TMR vs pasture plus concentrate [8] [9], TMR vs pas-
ture during the morning or afternoon plus TMR [6] and TMR vs pasture plus 
concentrate vs a combination of pasture with TMR [10]. 
The results showed that TMR diets increased total dry matter (DM) intake [5] 
[6] [8] [10], milk production [5] [6] [8] [9] [10], body weight [5] [9] [10] and 
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body condition score [5] [6] [10] [11]. 
There is still scarce information on the production response obtained in feed-
ing systems combining different proportions of TMR and pasture [12] [13] [14]. 
In 8 week-long experiments conducted in autumn and spring it was suggested 
that the autumn pasture can be included in up to 41% of the total PMR without 
affecting the productive response compared to a TMR system [12]. In addition 
no differences in milk production were observed between cows fed 100% TMR 
or a TMR:Pasture ratio of 79:21 or 63:37 [13]. According to the authors, this re-
sult would be explained by an adequate energy intake in all treatments according 
to production level [13]. The maximum level of pasture inclusion in the total ra-
tion without causing losses in the productive response requires further investiga-
tion. 
The different TMR and pasture combinations can in turn induce changes in 
the rumen environment and in DM and fiber digestion in situ [15] or using con-
tinuous flow fermenters [2]. Finally, as the level of inclusion of TMR increase, 
the nutritional healthy value of milk may be affected as a consequence of a de-
crease in bioactive molecules such as trans-11C18:1 or vaccenic acid (VA), 9-cis, 
11-trans C18:2 or rumenic acid (RA) and C18:3n−3 or α-linolenic acid [12] [13] [16] 
[17]. Likewise, little attention has been paid to the transfer of bioactive com-
pounds such as antioxidant vitamins from diet to milk, although they improve 
the shelf life of dairy products and have beneficial health properties [18] [19]. 
The objective of this study was to determine the effect of replacement of an 
oat pasture (Avena sativa) by TMR on productive response, parameters of me-
tabolic and rumen environment and nutritional healthy value of milk from dairy 
cows when pasture was comprised between 75% and 25% of total DM intake. 
2. Materials and Methods 
2.1. Cows and Treatments 
The experiment was conducted at the Rafaela Experimental Station from the Na-
tional Agricultural Institute of Argentina (INTA, Lat 31˚12'S Long, 61˚30'W Alt, 
99 m) from early autumn (mid April) to winter (mid-July). Forty multiparous 
Holstein cows (2.8 ± 1.3 lactations, 550 ± 63 kg BW, 32.5 ± 4.0 kg milk/day) in 
early lactation (66 ± 19 days postpartum) were used for the measurements of 
milk yield and composition, body weight (BW), body condition score (BCS), 
DM intake and plasma metabolite and hormone concentrations over an experi-
mental period of 9 weeks. Cows were stratified in groups of four according to 
milk production, parity and days in milk and randomly assigned to one of four 
treatments (10 cows/treatment). Cows were housed and fed in a dry corral (89 
m2/cow) with consolidated floor with lime soil (dry-lot, 48 m front × 74 m long) 
divided in 4 pens of equal surface (1 for each treatment) with fresh water availa-
ble ad libitum. During the intake measurement periods, the cows were housed in 
individual pens for TMR supply. Before the start of the experimental period, 
cows received the 100% TMR diet over 3 weeks and production records were 
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used as covariate. Treatments consisted in four experimental diets with different 
TMR:Pasture ratios at 100% TMR (T0), 75:25 (T1) 50:50 (T2) and 25:75 (T3). 
Pasture allowance in T1 to T3 was fixed at 2 times [20] the expected forage DM 
intake according to treatment. On DM basis, the TMR was composed of whole 
plant corn silage (35.6%), a commercial concentrate (28.7%), ground corn grain 
(5.3%), soybean meal (6.5%), roasted soybeans (5.3%), cottonseed (4.9%) and 
alfalfa hay (13.7%). 
Measures of rumen parameters and digestion were performed on 4 additional 
late lactation Holstein cows (287 (±13) days in milk) fitted with permanent ru-
minal fistulae producing 22.6 (±5.4) kg milk in a 4 × 4 Latin square design. Ex-
perimental periods lasted 15 days with 13 days for adaptation and 2 days for data 
collection. All cows were equipped with neck transponders to record individual 
and daily milk production (ALPRO version 6.60/DeLaval, Tumba, Sweden). All 
procedures were consistent with the Guide for the Care and Use of Agricultural 
Animals in Agricultural Research and Teaching [21]. 
The amounts of TMR offered in each treatment were weighed daily and refus-
als were recorded 3 times/week. In T0 the ration was distributed in two daily of-
fers at 6:00 AM and 4:00 PM by halves whereas in T1 they were offered at 80% in 
AM and 20% in PM. In T2 and T3 the TMR was delivered at 6:00 AM. In treat-
ments that include combinations of TMR and pasture, the cows were taken to 
the grazing plot once they finished the pre-fixed TMR intake. 
2.2. Samples Collection and Analysis 
Herbage biomass (kg DM ha−1) was estimated by cutting samples of forage at the 
ground level with manual scissors in an area delimited by a metal frame of 0.125 
m2 in a total cutting area of 1 m2 in each sampling. The total sample (8 subsam-
ples of 0.125 m2) was dried (65˚C for 48 hours) to determine the DM content. 
The area of the daily strip was then established according to the pasture allow-
ance defined for each treatment. 
Representative samples of feedstuffs, TMR and pasture were taken weekly. 
Pasture samples were obtained manually in the grazing area simulating the se-
lectivity of the cow (hand-plucking) [22]. All samples were dried in an oven with 
forced air circulation at 65˚C until constant weight to determine the DM content 
and grinded in a Wiley type mill (1 mm mesh). Neutral (NDF) [23] and acid de-
tergent fiber (ADF, [24] procedure 973.18), ether extract (EE, [25] procedure 
920.39), acid detergent lignin (ADL, [24], procedure 973.18), total nitrogen 
(Kjeldhal method, [25] procedure 976.05), crude protein (CP, total nitrogen × 
6.25), ash ([24] procedure 942.05) and in vitro DM digestibility (IVDMD,) by 
the two-stage fermentation technique were determined [26]. 
The TMR samples were further sieved and separated by size using the Penn 
State Particle Separator of two sieves (19 and 8 mm) [27] collecting three frac-
tions of long (>19 mm), medium (<19 mm and >8 mm) and short particles (<8 
mm). The content of NDF > 8 mm effective fiber (peNDF > 8) was computed as 
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the proportion of particles retained in the 19 and 8 mm sieves of the Penn State 
Particle Separator, multiplied by the NDF content of the TMR [28]. 
Milk production was daily and individually measured using the DeLaval 
ALPRO measuring system (DeLaval International AB, Tumba, Sweden). Milk 
composition was evaluated from individual samples collected weekly. Two sub-
samples of milk were taken from each cow in consecutive morning and after-
noon milkings using milk meters (DeLaval International AB, Tumba, Sweden) 
and mixed to make a single individual sample (pool) weighted by the respective 
production. In each composite sample, milk fat, total protein, lactose, total solids 
(TS), non-fat solids (NFS) and urea content was determined by infrared spec-
trophotometry (Milko-ScanTM Minor, FOSS Electric, Hilleroed, Denmark) ac-
cording to [29]. Milk casein content was estimated by the expression: 6.38 × N 
total—N non-casein after semi Micro-Kjeldhal digestion. Production of energy 
corrected milk (ECM) was calculated according to [30].  
Individual aliquots of milk (100 ml) were collected biweekly and stored at 
−24˚C for analysis of milk fatty acid (FA) composition and antioxidant com-
pounds. On each sample, lipid was extracted [31] and alkaline methylation of FA 
was carried out with sodium methoxide (1%) in anhydrous methanol and then 
injected into a gas chromatograph (Perkin-Elmer, model Autosystem XL-R 3.5), 
with PSS injector (Programmed Temperature Vaporizer), flow divider and flame 
ionization detector (FID). The methyl esters of FA were separated using a capil-
lary column (WCOT fused silica, 200 m × 0.25 mm i.d., Varian), using H2 as 
carrier gas. The individual FA were identified by comparing the relative reten-
tion times with pure standards (Mix of 37 components AccuStandard, PUFA-2 
Animal Source, Supelco, USA) and mix of isomers of methyl ester linoleic acid 
(Supelco, USA). The analytical results were expressed as percentages of the total 
FA. The antioxidant vitamins (α-tocopherol, γ-tocopherol, retinol, β-carotene 
and lutein) were analyzed by extraction with saponification in hexane and sub-
sequent separation and quantification using the reverse phase HPLC methodol-
ogy with detection at 445 nm for the carotenes and fluorescence at 296 - 330 nm 
for tocopherols [32]. Quantification was based on calibration curves performed 
with commercial standards of each compound (Sigma-Aldrich, Argentina). 
The cows were individually weighed after the morning milking and avoiding 
access to water every 2 weeks using an electronic scale. At the same time, body 
condition score (BCS) was determined by the average records of two indepen-
dent observers using a scale of 5 points (1 = excessively skinny and 5 = exces-
sively fat) with increments of 0.25 [33].  
Total DM intake was individually measured during the 4th and 5th weeks of 
the experimental period on 5 cows of each treatment using Cr2O3 as an indigest-
ible marker in faeces. During this period, the 20 selected cows were housed in 
individual pens for the TMR supply and intake was determined by the difference 
between the quantities of TMR offered and rejected. Pasture intake was esti-
mated from faeces output of each animal and from the pasture IVDMD. In each 
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cow, total faeces output was calculated from the amount of Cr2O3 dosed daily (12 
grams per day in two deliveries of 6 grams in gelatin capsules “triple 0” contain-
ing two grams each) and the concentration of Cr2O3 determined in faeces DM. 
Capsules containing Cr2O3 were supplied for 11 consecutive days after each 
milking by means of a device for bolus administration. During the last 5 days, 
rectal faeces samples were collected from each cow twice a day after milking. 
With the faeces of each cow, a composite sample (pool) was formed, representa-
tive of the whole period. Each of them was dried to constant weight (stove at 
60˚C - 65˚C with forced air circulation) and then ground in a Wiley type mill (1 
mm mesh). The determination of the Cr2O3 concentration in faeces was carried 
out using the colorimetric method [34]. Faeces production arising from TMR 
was calculated as the product of the indigestibility of the TMR (1 – IVDMD) by 
the measured TMR intake. Faeces production linked to pasture intake was de-
termined through the difference between total faeces and TMR faeces output. 
Pasture intake was estimated from the quotient between the production of faeces 
associated with pasture and the indigestibility (1 – IVDMD) of the pasture [35]. 
The equation used was: DM pasture intake in the PMR = [(g Cr/d)/(g Cr/g fecal 
DM) – TMR DM intake × (1 – TMR IVDMD)]/(1 – pasture IVDMD) [10]. The 
total DM intake was calculated as the sum of TMR and pasture DM intake. 
Metabolizable energy (ME) intake was estimated for each cow with the fol-
lowing equation: 
( ) [ ] [ ]1ME intake Mcal day TMR intake ME TMR Pasture intake ME pasture− = ∗ + ∗  
where: ME (Mcal kg DM−1) = 4.4 Mcal gross energy (GE)/kg DM × 0.82 × 
IVDMD. 
The net energy for lactation (NEL) intake was calculated as 64% of ME [36]. 
After the morning milking, blood samples were taken every 2 weeks by coc-
cygeal vein puncture. The blood was collected in tubes containing sodium hepa-
rin (5 U/ml) and plasma was obtained by centrifugation (2000 × g for 15 min at 
4˚C) and stored at −24˚C until glucose analysis (Enzymatic blood glucose, 
Wiener Laboratory, Rosario, Argentina), urea (Uremia, Wiener Laboratory, Ro-
sario, Argentina), non-esterified fatty acids (NEFA, Randox Laboratories Ltd., 
UK), insulin, growth hormone (GH) and somatomedin C or insulin-like growth 
factor (IGF-I) as previously described [37]. 
2.3. Rumen Environment and in Situ NDF Degradability 
The in situ technique [38] using dacron bags (15.5 × 7.5 cm and an average po-
rosity of 52 μm) was used to study the rate and extension of the DM and NDF 
degradation of the corn silage and the pasture. The day prior to the incubation 
of the bags, samples of pasture (hand-plucking) and corn silage were collected. 
To simulate chewing of cows, the pasture samples were cut to a length of ap-
proximately 1 cm, while the corn silage samples were processed in a mortar and 
sieved to homogenize them. At the beginning of the incubation period, two bags 
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of each feedstuff (corn silage and pasture) were introduced into the rumen ven-
tral sac of cannulated cows containing 5 grams (DM) of sample at each sampling 
period. The bags were extracted in duplicate for the different hours of incuba-
tion (0, 4, 8, 12, 16, 20, 24, 36 and 48 hs). After each extraction, the bags were 
frozen (−24˚C) until the end of each period. Subsequently, they were defrosted 
and washed externally under a stream of cold water to remove the contaminant 
and soluble material. Then all the bags were washed in washing machines, dried 
in an oven with forced air circulation (60˚C for 48 hours) and weighed to deter-
mine the DM content of the residue. The NDF content was determined on the 
residual material of the bags [23]. To describe the kinetics of DM rumen diges-
tion, the model by [39] was used using the solver routine of Excel [40]: 
( )( )1 e kd tR SF IF − ∗= + −  
where: R (%) = DM residue (at time after incubation = t), SF (%) = soluble frac-
tion, IF (%) = insoluble fraction, e = base of natural logarithm, kd (% hour−1) = 
fractional digestion rate and t (hours) = incubation time.  
The effective degradability of DM was estimated by the following formula 
[39]: 
( )( )ED SF IF kd kd kp= + +  
where: ED (%) = effective degradability, SF (%) = soluble fraction, IF (%) = in-
soluble fraction, kd (% hour−1) = fractional digestion rate and kp (% hour−1) = 
rate of passage, assuming that the latter is 5% hour−1 [41]. 
To describe the kinetics of cell wall (CW) or NDF rumen digestion, the model pro-
posed by [42] was used using the Excel’s solver routine [40]:  
( )( )e kd t L UR DF − ∗ −= +∗ , where R (%) = NDF residue (at time after incubation = 
t), DF (%) = degradable fraction, e = base of natural logarithm, kd = fractional 
digestion rate (% hour−1), L = lag time (hours), and U (%) = undegradable frac-
tion.  
The effective degradation of NDF was calculated as:  
( ) ( )( ) ( )( )100effective degradation 100 e kp LDF kd kd kp − ∗= ∗ + ∗ . It was assumed 
that kp = 5% hour−1 [41]. 
In the first six sampling times, 200 ml of ruminal liquor from the ventral sac 
were extracted from each cannulated cow for determination of pH, ammo-
nia-nitrogen (NH3-N) and volatile fatty acid (VFA). On these samples pH was 
measured with an ORION model 250 A portable digital pH meter, immediately 
after the ruminal liquor was extracted and previously filtered by cloth. One 
hundred ml of the filtered liquor was transferred to plastic bottles containing 1 
ml of concentrated sulfuric acid and stored at −20˚C until the determinations of 
NH3-N and VFA. The concentration of NH3-N was determined by titration with 
steam distillation, after alkalinization of the samples with sodium hydroxide. For 
the determination of VFA, the samples were previously purified with ortho-
phosphoric acid (25%) in 0.5 M sulfuric acid at a rate of 0.5 ml per 2 ml of sam-
ple and then centrifuged for 10 min at 5000 g [43]. Then, samples were injected 
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by a Robokrom® GC self-sampler into a Konik 5000B GC equipped with a flame 
ionization detector. The VFAs were separated on a Nukol capillary column (30 
m × 0.32 mm i.d. × 0.25 μm thick, Perkin Elmer-Elite FFAP, Part N9316354). 
Temperatures of the injector and of the detector were maintained at 250˚C and 
that of the column at 156˚C. Hydrogen (H2) was used as carrier gas and the 
column flow was maintained at a rate of 2.4 mL/min. The Supelco volatile acid 
mixture (Cat. No. 46975-U) was used for the calibration curves. 
2.4. Statistical Analysis  
Milk production and composition, variation of LW and BC, concentration of 
metabolites and plasma hormones, milk FA profile and vitamin concentration 
were analyzed according to a completely randomized design with repeated ob-
servations in time adjusted by covariate, using the following model: 
( ) ( )ijk i j ijki k ijY T W A T W Cov Eµ= + + + + × + +   
where: Yijk = dependent variable, μ = general average, Ti = treatment effect, Wj = 
week effect of sampling, A(i)k = random effect of animal within treatment, (T × 
W)ij = effect of treatment interaction × sampling week, Cov = covariate and Eijk 
= residual error. 
The environment and ruminal digestion data were analyzed according to a 4 × 
4 Latin square design, using the follow 
( ) ( ) ijklm i j l m ijklmi k lmY C P A T H T H Eµ= + + + + + + × +   
where: Yijklm = dependent variable, μ = general mean, Si = effect of square, Pj = 
effect of period, Ak(i) = random effect of animal within square, Tl = effect treat-
ment, Hm = effect of the sampling hour, (T × H)lm = effect of the treatment inte-
raction x sampling hour and Eijklm = residual error. 
The consumption data were analyzed by means of a model with a classifica-
tion criterion (treatment):  
ij i ijY T Eµ= + + ,  
where: Yij = dependent variable, μ = general mean, Ti = treatment effect and Eij = 
residual error. 
The comparisons between treatment means were made by means of the test 
for Tukey-Kramer adjusted means (P = 0.05). Additionally, linear and/or qua-
dratic effects of TMR levels were tested by orthogonal contrasts. All statistical 
analyzes were performed using the MIXED procedure of the statistical package 
of SAS [44]. 
3. Results and Discussion 
3.1. Chemical Composition of Feedstuffs  
Herbage mass in the pregrazing strips of the oat pastures averaged 2540 ± 343 kg 
DM ha−1. The average chemical composition of the oat pastures and the TMR 
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are presented in Table 1.  
Pasture DM content was within the critical range (15% - 18%) that would af-
fect voluntary intake [45]. Pasture NDF content (43.5%) resulted higher than 
values considered as adequate (34% - 36%) to maximize DM intake in dairy 
cows [46]. The decrease in total DM intake as the proportion of pasture increased 
in T1, T2 and T3 could in part be explained by pasture DM and NDF contents. 
Pasture CP content was within the range of 150 - 250 g kg DM−1 proposed by [47] 
to obtain high DM digestibility coefficients that resulted high (Table 1).  
Composition of the TMR (Table 1) was consistent with that reported in other 
studies [5] [6] [10] [12] [14]. The average NDF > 8 mm physically effective con-
tent of the TMR (20.1%) was above the minimum value required (18.5%) to 
prevent the development of subacute ruminal acidosis [28]. 
3.2. Milk Production and Composition  
As TMR intake increased, most of the studied variables increased linearly ex-
cepting milk fat and protein contents. No quadratic effects were detected for any 
of the variables analyzed (Table 2). Cows from T0 produced 6.5%, 20.4% and 
27.6% more milk than those of T1, T2 and T3, respectively. Cows consuming 
TMR ad libitum produced 19% more milk than cows consuming a PMR com-
posed of 70% of TMR and 30% of pasture probably explained by differences in 
energy intake and in the higher energy requirements for maintenance related to 
the grazing activity equivalent to 3.9 kg milk day−1 or 64% of the difference in 
milk production between treatments [10]. In the present study, it can be esti-
mated [36] that the energy requirements for maintenance increased 0.51, 1.00 
and 1.25 Mcal day−1 in the cows of groups T1, T2 and T3, respectively, compared 
with T0. This would potentially represent 0.79, 1.56 and 1.95 kg of milk for cows 
at T1, T2 and T3, respectively. The observed decrease in energy intake (Table 3) 
plus the additional energy cost associated with grazing activity could explain the 
difference between treatments in milk production (Table 2). In cows of high 
genetic merit, 61% of the difference in milk production between a 100% pasture 
diet vs 100% TMR would be explained by the higher DM and energy intake 
while grazing activity and excess urea elimination would explain only 24% and 
12% respectively [5]. 
Since milk fat and protein contents were not affected, the higher productions 
observed in T0 and T1 respect to T2 and T3 were explained by the higher milk 
output (Table 2). Replacement of TMR by an annual ryegrass pasture in spring 
did not modify milk solid content but generated a higher fat and milk protein 
yields when the proportion of TMR was 100% and 85% compared to 70% and 
55% of TMR in the total ration [2]. 
The treatment x week interaction was significant (P < 0.01) for yield of ener-
gy-corrected milk (ECM) (Figure 1). During the first 5 weeks of the experimen-
tal period, production of ECM was higher in the two treatments with the highest 
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Table 1. Chemical composition of pasture and TMR1. 
Parameters Pasture TMR 
DM (%) 17.8 ± 1.6 56.1 ± 3.1 
 % of the DM 
OM 88.2 ± 1.1 92.4 ± 0.6 
IVDDM 77.6 ± 5.1 75.4 ± 3.5 
CP 20.5 ± 1.7 16.1 ± 1.3 
NDF 43.5 ± 2.8 36.0 ± 3.0 
peNDF > 8 n.d.2 20.1 ± 1.9 
ADF 20.5 ± 1.3 18.4 ± 1.6 
EE 4.8 ± 0.4 5.4 ± 0.4 
1Values are expressed as the average ± standard deviation. 2n.d. = not determined. DM = dry matter; OM = 
organic matter; IVDDM = in vitro digestibility of the DM; CP = crude protein; NDF = neutral detergent fi-
ber; ADF = acid detergent fiber; EE = ether extract; peNDF > 8 = NDF > 8 mm physically effective, meas-
ured as the NDF content of the TMR multiplied by the percentage of particles retained in the 19 and 8 mm 
sieves of the Penn State Particle Separator [28]. 
 
Table 2. Milk production and composition in dairy cows fed 100% TMR (T0) or combi-





T0 T1 T2 T3 Trat2 Linear3 Quadratic3 
Milk, kg·d−1 34.2a 32.1b 28.4c 26.8d 0.30 0.01 0.01 0.10 
ECM, kg·d−1 34.3a 31.8b 27.9c 26.6d 0.33 0.01 0.01 0.10 
Fat, kg·d−1 1.35a 1.25a 1.10b 1.04b 0.03 0.01 0.01 0.62 
Fat, % 3.92 3.90 3.91 3.80 0.07 0.62 0.27 0.50 
Protein, kg·d−1 1.18a 1.11a 0.96b 0.92b 0.02 0.01 0.01 0.55 
Protein, % 3.44 3.48 3.39 3.43 0.05 0.69 0.67 0.99 
Lactose, % 5.05a 5.04a 4.99ab 4.89b 0.04 0.02 0.01 0.24 
TS, % 13.14 13.15 13.00 12.88 0.10 0.21 0.05 0.49 
SNF, % 9.24ab 9.28a 9.09bc 9.07c 0.06 0.03 0.01 0.52 
Urea, % 0.034b 0.038a 0.034b 0.035ab 0.001 0.,01 0.96 0.17 
Casein, % 2.63ab 2.65a 2.58ab 2.57b 0.02 0.02 0.01 0.44 
1Values are expressed as least square means (LSMeans) and standard error of LSMeans (SEM). 2Treatment 
effect. 3Contrasts. a,b,c,dLSMeans within row with different letter differ significantly (Tukey-Kramer, P < 
0.05). ECM = milk corrected energy; TS = total solids; SNF = solids non-fat. 
 
Table 3. DM and NEL intake in lactating dairy cows fed 100% TMR (T0) or combinations 




T0 T1 T2 T3 
DM, kg·d−1       
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Oat pasture  4.75c 9.22b 13.84a 0.54 0.01 
TMR 24.09a 17.65b 11.77c 5.86d 0.29 0.01 
Total 24.09a 22.40ab 21.00bc 19.70c 0.54 0.01 
NEL3, Mcal d−1       
Oat pasture  8.51c 16.52b 24.80a 0.97 0.01 
TMR 41.95a 30.74b 20.50c 10.20d 0.51 0,01 
Total 41.95a 39.25ab 37.02bc 35.00c 0.96 0.01 
Conversion efficiency       
Milk, kg DM−1 1.48 1.54 1.43 1.46 0.08 0.80 
ECM, kg DM−1 1.42 1.50 1.46 1.43 0.07 0.84 
1Values are expressed as least square means (LSMeans) and standard error of LSMeans (SEM). 2Treatment 
effect. 3NEL values for TMR and oats: 1.74 and 1.79 Mcal kg DM−1, respectively. a,b,cLSMeans within row 
with different letter differ significantly (Tukey-Kramer, P < 0.05). 
 
 
Figure 1. Production of energy-corrected milk (ECM) in dairy cows fed 100% TMR (T0) 
or combinations of TMR and pasture at 79:21 (T1), 56:64 (T2) and 30:70 (T3) in the total 
ration. 
 
proportion of TMR (T0 and T1) while after the 6th experimental week the pro-
duction registered in TMR-100% (T0) exceeded the other treatments. 
In annual ryegrass spring pastures a linear increase in milk production (from 
32.7 to 36.6 kg·day−1), fat corrected milk (from 30.8 to 32.6 kg·day−1) and protein 
secretion (from 0.93 to 1.04 kg·day−1) was reported as the proportion of the TMR 
in the ration increased [12]. The increase in milk production would be explained 
by the higher energy intake and the decrease in energy expenditure associated 
with grazing activity [12]. 
Using published data corrected by the study effect as a random factor [48], the 
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linear regression analysis performed indicated an average increase of 1.13 kg·day−1 
of milk for every 10% increase in TMR intake (P < 0.01, R2 = 0.60, n = 36, Figure 
2). At 100% pasture estimated milk production was 23.74 kg·day−1 close to the 
23.20 kg·day−1 reported for high quality spring pastures [49]. 
The prediction model adjusted for yield of ECM indicated an increase of 0.99 
kg·day−1 of milk for every 10% increase in TMR DM intake (Figure 3). A wide 
variability of response could also be observed for the 100% TMR treatments 
(Figure 2 and Figure 3) that could be linked to genetic merit of cows and/or to 
the different response of the animal to a given diet (genotype-environment inte-
raction). In this respect, it was showed that under grazing conditions, New  
 
 
Figure 2. Milk production of dairy cows fed different pasture and TMR proportions. 
Dotted line and light circles are data from [5] [6] [7] [9] [10] [12] [13] [14] [50] [51] [52]) 
and continuous line with black circles (data from this study). 
 
 
Figure 3. Energy-corrected milk production (ECM) in dairy cows fed with different pro-
portions of pasture and TMR. Dotted line and light circles are data from [5] [6] [7] [9] 
[10] [12] [13] [14] [50] [51] [52]) and continuous line with black circles (data from this 
study). 
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Zealand Holstein (HN) cows had a higher conversion efficiency (3.4%) than the 
American counterpart (HA), whereas under confinement TMR fed conditions 
the HA cows were more efficient (2.3%) than HN cows [7]. 
It should be noted that the results of milk and ECM production observed in 
the present experiment (solid lines in Figure 2 and Figure 3) were adjusted to 
the models estimated from data from the literature (dotted lines in Figure 2 and 
Figure 3), being their lines parallel and coincident (both the test effect and the 
test-response interaction were not significant, P > 0.05). 
3.3. Dry Matter and Energy Intake  
According to pre-planned treatments, pasture intake increased when the pro-
portion of TMR decreased but total DM intake resulted lower when pasture re-
placed TMR (Table 3). Consequently, the actual TMR/Pasture ratios were 
slightly different from the pre-planned ones resulting in 79:21, 56:44 and 30:70 
for T1, T2 and T3, respectively. This result is coincident with that reported in a 
similar trial [12]. The reduction in DM intake in cows consuming PMR com-
pared to 100% TMR may be explained by a restricted grazing time and a mod-
ification of the normal grazing pattern due to confinement schedules imposed to 
cows which would affect pasture intake [12]. These hypothetical effects were 
tested comparing one or two grazing sessions when they supplied a PMR com-
posed of 50% pasture and 50% TMR [14]. The cows of the group with the long-
est access to the pasture (6 h post the AM milking and 3 h post the PM milking) 
grazed 50 more minutes than those in the group with restricted access (6 h 
post-milking AM) achieving a higher pasture DM intake [14]. 
The linear regression analysis performed (Figure 4) indicated an increase in 
total intake of 0.69 kg DM day−1 for every 10% increase in TMR intake evidenc-
ing a clear addition effect. The α coefficient (ordered to the origin) indicated a 
total DM intake of 17.45 kg·day−1 when pasture was the only feedstuff a value 
slightly lower (−5%) than the 18.40 kg DM day−1 reported by [53]. 
Compared to T3, total NEL intake (Mcal/cow day−1) increased when TMR re-
placed pasture in T2 (9.4), T1 (18.8) and T0 (29.0) without effects on the conver-
sion efficiency (Table 3). Since NEL intake arising from pasture decreased with 
increasing levels of TMR (−6.6, −13.0 and −19.8 Mcal/cow d−1 for T2, T1 and T0, 
respectively) the higher total NEL intake was explained by total DM intake and to 
NEL provided by the TMR. Since cows from T3 apparently mobilized body re-
serves (Table 4) to sustain milk production, the real differences in conversion 
efficiency could be partially masked. According to results from Table 3, the re-
gression analyses using published data showed no relationship (P < 0.62) be-
tween the level of TMR intake and the conversion efficiency (Figure 5). 
Taken together, the results obtained suggest a depressing effect of the pasture 
on total DM and energy intake when it is included as part of the PMR even 
though the forage offered was as twice as the theoretically expected pasture in-
take. Qualitative deficiencies in the chemical composition of the forage (DM 
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content, NDF excess, energy density) and/or factors that affect animal behavior 
(access time to the pasture, grazing pattern) could have contributed to explain 
these results and are predisposing to induce losses in BCS in high yielding dairy 
cows (Table 4). 
 
Table 4. Variation of body weight (BW), body condition score (BCS) and plasma con-
centration of metabolites and hormones in lactating dairy cows fed 100% TMR (T0) or 






T0 T1 T2 T3 Treat M Treat × M 
BW (kg) 606.2a 583.4b 560.8c 543.5d 4.73 0.01 0.01 0.79 
ΔBW (kg) 21.2a 11.6b 2.4c −6.3d 2.85 0.01 0.01 0.01 
BCS (1 at 5) 2.45a 2.42a 2.21b 2.00c 0.06 0.01 0.16 0.63 
Glucose (mmol·l−1) 3.57 3.40 3.53 3.40 0.07 0.13 0.01 0.60 
Urea (mmol·l−1) 7.40a 7.16a 6.46b 6.17b 0.19 0.01 0.01 0.01 
NEFA (μEq·l−1) 2.23b 2.23b 2.30b 2.44a 0.04 0.01 0.01 0.01 
 (180.6) (181.5) (239.4) (333.3)     
GH (ng·ml−1) 0.06b 0.13b 0.20ab 0.48a 0.11 0.02 0.01 0.46 
 (1.76) (2.41) (2.56) (4.36)     
Insulin (ng·ml−1) 0.59 0.47 0.54 0.48 0.06 0.39 0.09 0.52 
IGF-I (ng·ml−1) 184.2 157.9 161.6 139.4 16.9 0.30 0.04 0.53 
1Values are expressed as least square means (LSMeans) and standard error of LSMeans (SEM). 2Treat = 
treatment, M = sampling, Treat × M = treatment × sampling interaction. a,b,c,dLSMeans within row with dif-
ferent letter differ significantly (Tukey-Kramer, P < 0.05). NEFA = non-esterified fatty acids = log10 NEFA; 




Figure 4. DM intake in dairy cows fed with different proportions of pasture and TMR. 
Dotted line and light circles are data from [5] [6] [7] [9] [10] [12] [13] [14] [50] [51] [52]) 
and continuous line with black circles (data from this study). 
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Figure 5. Conversion efficiency (CE) in dairy cows fed with different proportions of pas-
ture and TMR. Dotted line and light circles are data from [5] [6] [7] [9] [10] [12] [13] [14] 
[50] [51] [52]) and continuous line with black circles (data from this study). 
3.4. Changes in Body Weight, Body Condition Score and Plasma  
Concentration of Metabolites and Hormones 
As TMR intake increased BW and BCS resulted higher (Table 4) according to 
the greater estimated NEL intake (Table 3) and with the reduction of the circu-
lating levels of NEFA, these results also suggest that the animals did not use all 
the additional energy to increase milk production but that a part was derived to 
the reconstitution of body reserves. On the other hand, losses of BW recorded in 
T3 cows (−6.3 kg) suggest that part of the produced milk was obtained by mobi-
lization of endogenous energy [9]. Several authors reported a negative effect of 
increasing pasture intake on energy balance of high yielding dairy cows related 
to the limitations in DM intake which generates losses of BW and BCS [5] [6] 
[9] [10] [11] [54].  
Plasma urea concentration was lower in T2 and T3 although NH3-N values in 
the rumen did not differ (Table 5). This result could be linked by a reduced liver 
capacity to synthesize urea in cows with greater lipomobilization since a lower 
storage of fat in the liver leads to a better liver function [55]. The in vitro ureo-
genesis rate decreased linearly following a prolonged exposure of hepatocytes to 
triglycerides [56]. Plasma urea concentration would be of little metabolic relev-
ance since the range of uremia considered normal in cattle is very wide ranging 
from 37 to 169 mg·dl−1 [57]. In the present trial, plasma urea values were in the 
lower limit of the range (Table 4).  
Plasma levels of NEFA, glucose, and regulatory hormones (GH and IGF-I) act 
as dynamic or short-term indicators of energy balance [58] [59]. Cows in nega-
tive energy balance show a decrease in plasma glucose, insulin and IGF-I con-
centrations with higher NEFA and GH levels [60] [61]. Despite differences in 
calculated NEL intake (Table 3), glycemia was not affected (Table 4) with values 
comprised within the normal range (2.5 to 4.16 mmol·l−1) confirming the high 
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homeostatic-hormonal control of blood glucose in cattle [62]. The lack of 
changes on plasma insulin was consistent with the observed similar plasma glu-
cose levels (Table 4). 
Increased pasture intake induced a numerical reduction (25%) of IGF-I and 
increased the circulating levels of GH (Table 4) keeping with the decrease in 
NEL intake (Table 3) and the increase in NEFA. Sub nutrition of mid lactation 
dairy cows doubled plasmatic levels of GH and reduced circulating IGF-I by ap-
proximately 50% [63]. A decrease in number of GH receptors in liver during pe-
riods of negative energy balance [64] would contribute to explain the increase in 
plasma GH concentration and the reduction in liver production of IGF-I observed. 
3.5. Ruminal Environment and Digestion 
Excepting for NH3-N concentration, the treatment x hour interaction was not 
significant for most of the ruminal environment parameters studied (Table 5). 
Ruminal pH was not affected by treatments averaging 5.91 (Table 5). Similar 
ruminal pH values were reported in cows fed 100% TMR compared with 70% 
TMR plus pasture [15] which represent an intermediate situation to T1 and T2 
and pasture (60%) plus concentrate (40%). Intake patterns deeply affect ruminal 
fermentation [65] [66].  
 
Table 5. Ruminal environment in cannulated lactating dairy cows fed 100% TMR (T0) or 






T0 T1 T2 T3 Treat Hour 
Treat × 
Hour 
VFA (mmol·L−1) 140.8 154.8 169.9 151.9 8.84 0.24 0.01 0.,07 
Ac (mmol·L−1) 70.5 82.6 88.6 79.9 5.90 0.28 0.08 0.40 
Ac (mol 100 mol−1) 53.8b 57.0a 56.8a 58.2a 0.53 0.01 0.01 0.98 
Pr (mmol·L−1) 32.9 33.2 35.3 29.6 1.6 0.21 0.01 0.13 
Pr (mol 100 mol−1) 24.8a 22.7b 22.6b 21.7b 0.34 0.01 0.01 0.95 
Butyrate (mmol·L−1) 18.5 19.4 22.4 17.3 1.06 0.06 0.02 0.53 
Butyrate (mol 100 
mol−1) 
14.2a 13.5ab 14.4a 13.1b 0.36 0.04 0.01 0.65 
Ac:Pr 2.22 2.53 2.51 2.70 0.12 0.14 0.04 0.53 
pH 6.00 5.79 5.91 5.95 0.09 0.42 0.01 0.08 
NH3-N (mg·dl−1) 18.81 19.59 23.52 25.08 2.76 0.38 0.01 0.01 
1Values are expressed as least square means (LSMeans) and standard error of LSMeans (SEM). 2Treat = 
treatment, Treat × Hour = treatment × hour interaction. a,bLSMeans within row with different letter differ 
significantly (Tukey-Kramer test, P < 0.05). VFA = total volatile fatty acids; Ac = acetate; Pr = propionate; 
Ac:Pr = acetate:propionate ratio. 
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Ruminal concentration of NH3-N was higher in treatments with higher pro-
portion of pasture (T2 and T3) at 8 and 12 hours of sampling and at 16 hour re-
sulted higher in treatments that included pasture (T1, T2 and T3) compared to 
T0 (Figure 6). 
The increase in ruminal NH3-N in pasture fed treatments (T1, T2 and T3) 
occurred after beginning of grazing which is explained by the high ruminal de-
gradability of forage protein. The T0 resulted more stable in terms of daily fluc-
tuations in the NH3-N values compared with treatments that included pasture. 
Indeed, the range of variation observed in T0 was from 13.2 to 23.2 mg·dl−1, 
while this range was between 8.5 and 32.1, 13.6 and 31.0 and 10.8 and 34.0 
mg·dl−1 in T1, T2 and T3 respectively (Figure 6). 
Total concentration of VFA did not differ between treatments (Table 5) a re-
sult consistent with the similar values of ruminal pH observed and with results 
from previous studies [15]. Acetate, propionate and butyrate concentrations and 
the acetate:propionate ratio were not affected (Table 5) keeping with the absence 
of treatment effect on milk fat concentration. In the present experiment, the 
molar proportion of acetate was significantly lower and that of propionate sig-
nificantly higher in T0 with respect to T1, T2 and T3. The result was consistent 
with the higher non-structural carbohydrate intake in T0 (9.28 vs 6.70 kg·day−1, 
P < 0.01).  
Kinetics of pasture DM and NDF digestion were not affected (Table 6) keep-
ing with the similar ruminal pH values observed (Table 5) and suggesting the 
absence of negative associative effects at ruminal level. A combination of 70% 
TMR and 30% pasture resulted in negative associative effects in the rumen re-
ducing the degradable fraction of pasture DM and NDF compared to a diet 
comprising 60% pasture and 40% concentrate [15].  
Values for the parameters of pasture NDF degradation (Table 6) were close to 
the range reported for dairy cows grazing oat-pastures and supplemented with 
concentrates (6.5 kg·day−1) containing different levels and sources of protein 
[66]. Parameters of DM and NDF degradation from corn silage were also not af-
fected by treatments (Table 7) according to [52]. 
In the present study, effective fiber content of the TMR (20.1) was above the 
minimum value required (18.5%) to prevent subacute ruminal acidosis and ru-
men function [28] which would contribute to explain the absence of negative ef-
fects on forage digestion. 
3.6. Nutritional Healthy Value of Milk 
Milk FA composition affects its nutritional properties through the balance in the 
healthy FA (butyric, oleic, polyunsaturated n-3 and CLA) and the potential neg-
ative effect of saturated (lauric, myristic and palmitic acids) and trans FA on 
human health [67]. In this experiment, the proportion of butyric acid (C4:0) in 
milk fat was not affected (Table 8), a positive result considering its potential 
beneficial role in human health [67].  
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Figure 6. Rumen NH3-N concentration in cannulated lactating dairy cows fed 
100% TMR (T0) or combinations of TMR and pasture at 79:21 (T1), 56:64 (T2) 
and 30:70 (T3) in the total ration. 
 
Table 6. Parameters of pasture DM and NDF degradation in cannulated lactating dairy 
cows fed 100% TMR (T0) or combinations of TMR and pasture at 79:21 (T1), 56:64 (T2) 




T0 T1 T2 T3 
DM       
Soluble fraction (%) 30.80 28.28 31.31 28.11 1.90 0.55 
Insoluble fraction (%) 57.78 59.66 56.96 57.24 1.39 0.56 
kd (% hour−1)3 4.51 5.69 5.40 6.17 0.97 0.69 
Degradable fraction (%) 88.58 87.94 88.26 85.35 1.67 0.54 
Effective degradability (%)4       
kp = 5% hour−1 58.17 58.19 59.42 58.74 1.16 0.85 
NDF       
Degradable fraction (%) 85.18 81.44 87.99 80.03 3.27 0.38 
kd (% hour−1)3 5.16 6.61 5.59 6.41 0.95 0.69 
Lag time (hours) 0.90 0.84 0.00 0.67 0.67 0.77 
Effective degradability4       
kp = 5% hour−1 40.61 41.17 40.59 39.95 1.81 0.97 
1Values are expressed as least square means (LSMeans) and standard error of LSMeans (SEM). 2Treatment 
effect. 3kd = fractional digestion rate. 4Assuming a passage rate (kp) of 5% hour−1 [41].  
 
Table 7. Parameters of corn silage DM and NDF degradation in cannulated lactating 
dairy cows fed 100% TMR (T0) or combinations of TMR and pasture at 79:21 (T1), 56:64 




T0 T1 T2 T3 
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Continued 
DM       
Soluble fraction (%) 22.94 22.50 24.40 29.83 2.25 0.18 
Insoluble fraction (%) 55.31 56.16 51.67 57.05 10.82 0.98 
kd (% hour−1)3 4.32 2.45 2.84 1.81 1.50 0.70 
Degradable fraction (%) 78.25 78.65 76.07 86.87 12.71 0.93 
Effective degradability4       
kp = 5% hour−1 39.86 39.38 39.68 43.16 1.11 0.15 
NDF       
Degradable fraction (%) 68.65 70.56 74.83 55.76 12.56 0.74 
kd (% hour−1)3 2.62 1.81 1.65 4.08 0.88 0.28 
Lag time (hours) 0.90 0.00 0.00 0.00 0.45 0.45 
Effective degradability4       
kp = 5% hour−1 19.37 17.89 17.98 19.64 1.13 0.61 
1Values are expressed as least square means (LSMeans) and standard error of LSMeans (SEM). 2Treatment 
effect. 3kd = fractional digestion rate. 4Assuming a passage rate (kp) of 5% hour−1 [41]. 
 
Table 8. Concentration of fatty acids (FA) in the milk of lactating dairy cows fed 100% 
TMR (T0) or combinations of TMR and pasture at 79:21 (T1), 56:64 (T2) and 30:70 (T3) 
in the total ration. 





T0 T1 T2 T3 Treat M Treat × M 
C4:0 3.21 3.17 2.64 2.72 0.31 0.45 0.66 0.07 
C6:0 2.07 2.21 2.06 1.96 0.14 0.66 0.63 0.50 
C8:0 1.26 1.32 1.34 1.21 0.05 0.39 0.68 0.95 
C10:0 2.80ab 2.89ab 3.06a 2.63b 0.10 0.04 0.57 0.88 
C10:1 0.25c 0.27bc 0.32a 0.30ab 0.02 0.01 0.63 0.99 
C12:0 3.23b 3.25ab 3.58a 3.06b 0.13 0.03 0.61 0.39 
C12:1 0.08c 0.09c 0.11b 0.12a 0.003 0.01 0.01 0.06 
C14:0 10.12b 10.40b 11.61a 10.58b 0.20 0.01 0.10 0.09 
C14:1 0.72b 0.83b 1.08a 1.20a 0.05 0.01 0.01 0.89 
C15:0 0.91 0.97 1.02 1.05 0.04 0.07 0.26 0.94 
C15:1 0.21b 0.21b 0.21b 0.35a 0.03 0.01 0.35 0.09 
C16:0 30.33 29.42 29.68 29.83 0.64 0.78 0.01 0.25 
C16:1 1.37bc 1.28c 1.49ab 1.58a 0.06 0.01 0.01 0.04 
C17:0 0.39b 0.43ab 0.50a 0.47ab 0.03 0.05 0.01 0.15 
C17:1 0.14c 0.19b 0.19b 0.23a 0.01 0.01 0.06 0.01 
C18:0 13.23ab 14.18a 11.16c 12.35bc 0.57 0.01 0.06 0.15 
9-trans C18:1 0.06 0.06 0.05 0.05 0.03 0.96 0.21 0.18 
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10-trans C18:1 0.24 0.21 0.09 0.15 0.06 0.39 0.06 0.76 
11-trans C18:1 (VA) 2.68b 3.16a 3.23a 3.15a 0.10 0.01 0.01 0.36 
9-cis C18:1 20.73b 20.4b 21.25b 24.04a 0.69 0.01 0.69 0.56 
11-cis C18:1 0.53a 0.45b 0.44b 0.43b 0.02 0.01 0.09 0.60 
9-cis 12-cis C18:2 3.83a 3.23b 2.64c 2.10d 0.12 0.01 0.33 0.04 
9-trans 12-cis C18:2 0.15b 0.20a 0.17ab 0.18ab 0.01 0.03 0.01 0.01 
C18:3 0.40d 0.51c 0.61b 0.68a 0.02 0.01 0.26 0.56 
CLA         
9-cis 11-trans (RA) 0.72d 0.84c 1.11b 1.23a 0.04 0.01 0.11 0.97 
10-trans 12-cis 0.08b 0.11a 0.10ab 0.13a 0.01 0.01 0.01 0.32 
9-cis 11-cis 0.03 0.03 0.04 0.05 0.01 0.11 0.35 0.52 
9-trans 11-trans 0.04b 0.06b 0.10a 0.11a 0.01 0.01 0.04 0.18 
RA/VA 0.27c 0.27c 0.34b 0.39a 0.01 0.01 0.73 0.42 
AI3 2.52 2.55 2.69 2.46 0.10 0.49 0.40 0.60 
Saturated (SFA)4 59.44 60.10 59.66 58.17 0.72 0.36 0.25 0.91 
Unsaturated (UFA)5 29.54 29.22 29.67 32.19 0.84 0.10 0.92 0.63 
Relation SFA:UFA 2.01 2.09 2.02 1.88 0.07 0.37 0.78 0.72 
1Values are expressed as least square means (LSMeans) and standard error of LSMeans (SEM). 2Treat = 
treatment, M = sampling, Treat × M = treatment × sampling interaction. 3Aterogenicity index: (C12:0 + 4 × 
C14:0 + C16:0)/(sum of unsaturated FA). 4SFA: sum of 10:0, 12:0, 14:0, 16:0 and 18:0. 5UFA: sum of 18:1, 18:2, 
CLA and 18:3. VA = vaccenic acid. RA = rumenic acid. a,b,c,dLSMeans within row with different letter differ 
significantly (Tukey-Kramer test, P < 0.05). 
 
Lauric (C12:0) and miristic (C14:0) acids are potentially atherogenic when con-
sumed in excess and resulted slightly higher in T2 with no effect on palmitic 
(C16:0) acid concentration (Table 8). Concentration of the potentially hypercho-
lesterolemic FA (C12:0 to C16:0) was lower in cows consuming a 60% pasture 40% 
concentrate diet compared to 70% TMR 30% pasture or 100% TMR ad libitum 
[68]. In other studies, replacement of TMR by pasture reduced milk concentra-
tion of C16:0 [12] [13].  
In our trial, a higher participation of pasture in the diet did not reduce milk 
content of SFA neither increased that of UFA (Table 8) as observed in other ex-
periments [12] [13] [68] without any effect on the atherogenicity index of milk 
(Table 8). The lack of effect on milk UFA concentration could be linked to a 
high ruminal hydrogenation of polyunsaturated FA which in turn may explain 
the higher VA concentration (Table 8). This FA can be converted to RA in hu-
man and animal body tissues and is the main precursor for endogenous synthe-
sis of RA in the mammary gland. Milk content of VA and RA can be increased 
by pasture intake or by feeding polyunsaturated FA (PUFA) contained in vege-
table oils [67]. A special interest is placed on RA for the acquired knowledge 
about its beneficial effects on human health including the prevention of cancer, 
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atherogenesis, lipid peroxidation and obesity [69] [70]. In our study, RA linearly 
increased as the contribution of pasture in the PMR was raised (Table 8). At 
maximum pasture intake in T3, milk RA was 10.8%, 46.4% and 70.8% higher 
than in T2, T1 and T0 respectively a result that was consistent with previous ex-
periments [12] [13] [17] [68]. Pasture content of C18:3 increase the production of 
VA in the rumen and hence RA at the mammary gland [67]. Milk content of RA 
was linearly increased after intake of C18:3 contained in high quality pastures 
[68]. This result may be explained by increased production of VA in the rumen 
and its subsequent desaturation in the mammary gland, or that RA can effec-
tively be an intermediate in the biohydrogenation of C18:3 as was suggested by 
[71]. 
Besides its healthy (anticancer) properties, VA can be metabolized by humans 
to bioactive RA [72] at an estimated rate of 20% [69]. In the present trial, the 
concentration of VA in milk was significantly lower in T0 compared to treat-
ments that included pasture without significant differences as pasture intake in-
creased from T1 to T3 (Table 8). This result could be explained by a higher del-
ta-9 desaturase activity on VA to produce RA since the RA/VA ratio increased 
significantly from T1 to T3 (Table 8).  
Accordingly to previous studies [12] [13], the concentration of C18:3 in milk 
increased with pasture intake (Table 8) due to the high linolenic content in high 
quality pastures [73] coupled to a high rate of passage. On the other hand, milk 
content of linoleic acid (cis-9 cis-12 C18:2) increased with participation of TMR in 
the diet (Table 8) keeping with reports from [12] [13]. A higher linoleic acid in-
take arising from TMR components (corn grain and silage) may explain this re-
sult. Stearic acid (C18:0) increased and oleic acid (cis-9 C18:1) decreased in treat-
ments with the highest proportion of TMR (T0 and T1) suggesting an increased 
rumen hydrogenation. 
Concentrations of retinol, β-carotene, lutein and α-tocopherol vitamins in 
milk fat were increased as the proportion of pasture in the total ration was raised 
(Table 9). Diets rich in concentrate or corn silage would lead to a lower milk 
content of carotenoids and vitamin E compared to pasture-based diets because 
fresh forages are rich in these bioactive compounds and the recovery rate of 
them in milk is directly related to their concentration in the forage [74]. The 
growing interest in the increase of liposoluble vitamins in milk by natural means 
in linked to their beneficial effects on human health [19]. Among these com-
pounds, vitamin E (α-tocopherol), the carotenoid precursors of vitamin A 
(β-carotene and lutein) and vitamin A (retinol) are important for human nutri-
tion and health as natural antioxidants [1]. Lutein can also be used as a bio-
marker of pasture-feeding since animals cannot synthesize this molecule [75]. 
When late lactation dairy cows were fed diets with different TMR:pasture ra-
tios (100, 70:30 and 30:70), significant increases in the milk fat content of 
α-tocopherol, retinol and β-carotene were observed as the proportion of pasture 
was increased [76]. When diets of 70% alfalfa pasture 30% concentrate vs 100%  
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Table 9. Concentration of vitamins in milk fat of lactating dairy cows fed 100% TMR (T0) 
or combinations of TMR and pasture at 79:21 (T1), 56:64 (T2) and 30:70 (T3) in the total 
ration. 
Vitamins  




T0 T1 T2 T3 Treat M Treat × M 
Retinol 2.98c 6.60b 6.45b 8.16a 0.37 0.01 0.01 0.79 
β-carotene 0.85c 5.05b 6.41a 6.78a 0.37 0.01 0.01 0.23 
Lutein 0.10c 0.31b 0.46a 0.36b 0.03 0.01 0.74 0.98 
α-tocopherol 18.21b 18.53b 21.53a 23.24a 0.90 0.01 0.01 0.50 
γ-tocopherol 4.60a 2.38b 1.78c 1.09d 0.18 0.01 0.27 0.21 
1Values are expressed as least square means (LSMeans) and standard error of LSMeans (SEM). 2Treat = 
treatment, M = sampling, Treat × M = treatment × sampling interaction. a,b,c,dLSMeans within row with dif-
ferent letter differ significantly (Tukey-Kramer test, P < 0.05). 
 
TMR based on sorghum silage were compared concentrations of α-tocopherol, 
retinol and β-carotene resulted higher in the pasture based diet [32]. Meanwhile, 
the concentration of γ-tocopherol was significantly higher in the TMR probably 
due to the presence of soybean expeller that is rich in γ-tocopherol. In our study, 
the concentration of γ-tocopherol increased significantly with the inclusion level 
of TMR in the diet (Table 9). 
4. Conclusion 
The intake of fresh forage in combination with TMR represented a suitable 
strategy to maintain a high level of milk production in cows selected for a high 
genetic merit. Milk yield increased linearly with increasing TMR intake in the 
30% - 100% range explored for cows producing between 27 - 34 kg milk/day and 
was probably explained by a higher energy intake combined with a decrease in 
energy expenditure associated with grazing activity. The conditions of replacing 
pasture for TMR should be defined taking into account the depressing effect of 
pasture on total DM and energy intakes detected when fresh forage is included 
in high proportion in the partial mixed rations. This effect may amplify the neg-
ative energy balance in high yielding dairy cows in early lactation with increased 
losses of body weight and body condition score and higher circulating levels of 
non-esterified fatty acids and GH. Some deficiencies in forage quality in addition 
to animal behavior could exacerbate these effects. Results also suggest that the 
efficiency of feed to milk conversion may not be altered. Within the wide range 
of pasture replacement explored no detrimental effects on ruminal environment 
or FDN degradation were detected suggesting that the positive effects on milk 
production of TMR intake were not apparently explained at ruminal level. The 
nutritional and antioxidant quality of milk decreased as the amount of pasture 
consumed was lower due to lower content of healthy fatty acids like rumenic and 
linolenic and the fall in the antioxidant vitamins content. It will be interesting to 
evaluate the effect of replacement of pasture by TMR in continuous long term 
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experiments in early lactation cows of high genetic merit in order to quantify 
actual and residual effects on milk yield as well as the shape of the lactation 
curve and changes in parameters associated with body lipid mobilization, re-
productive hormones and efficiency of milk production.  
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